any medical treatment-related adverse events after adjusting for other demographic and clinical characteristics. Conclusions Variations in patients' willingness to tolerate different treatment-related adverse events underscore the need for improved communications between physicians and patients about the risks and benefits of their medical treatment, which helps make a more personalized decision for metastatic CRC treatment.
Introduction
Medical treatment decisions in advanced cancers including metastatic colorectal cancer (CRC) are complex. Survival time may not be the single most important outcome considered when initiating treatment because the disease cannot be cured, and the potential for extending survival has significantly improved, but is still limited (Leighl et al. 2004; Kaldjian et al. 2008; Wright et al. 2008) . Randomized clinical trials show a statistically significant extension of survival by 2-5 months on average for these new metastatic CRC agents individually, and together might add up to a 1-2-year improvement in survival (Hurwitz et al. 2004; Ramlau et al. 2012; Grothey et al. 2013 ). Many patients with advanced CRC often choose to pursue aggressive treatment (Hurwitz et al. 2004; Leighl et al. 2011) , even when their chance of improvement in survival can be small by such a treatment (Prigerson et al. 2015; O'Connor et al. 1999; Zafar et al. 2013) . These patients appear willing to take additional risks of adverse events from receiving aggressive medical treatment, but prior research suggests Abstract Purpose Some medical treatment for metastatic colorectal cancer (CRC) may have marginal survival benefit, but cause toxicities. The purpose of this study is to determine metastatic CRC patients' tradeoffs in making a decision to undergo new medical treatment. Methods We conducted a survey of patients with a diagnosis of advanced CRC who were currently receiving or completed one chemotherapy regimen. First, patients were asked to rate the importance of 15 medical treatmentrelated adverse events that may arise as a consequence of chemotherapy or biological therapy in their treatment decision-making. Then, the patient identified his or her top five most important events and solicited preferences in hypothetical metastatic CRC treatment vignettes using the standard gamble technique. Results A total of 107 patients responded to the survey. From the list of medical treatment-related adverse events, patients identified clinically serious ones such as stroke, heart attack, and gastrointestinal perforation as the most important in their medical treatment decision-making, yet placed lower willingness to tolerate symptom-related events such as pain, fatigue, and depression. Generally, patients who were older, stage III versus IV and who had prior radiotherapy, lower educational attainment, and lower household income (all p <0.05) were less willing to tolerate 1 3 that many patients overestimate treatment benefit or underestimate risks of adverse events (Weeks et al. 2012) .
For metastatic CRC, medical treatment-related adverse events include acute but temporary effects, such as nausea and vomiting or skin rashes, to more serious adverse events including cardiovascular toxicities or gastrointestinal (GI) perforation, both shown to lower quality-of-life and overall survival (Semenza 2008; Galfrascoli et al. 2011; Choueiri et al. 2011) . Given these risks combined with uncertain benefits of medical treatment (chemotherapy or biological therapy), advanced cancer patients and their clinicians face significant uncertainty in how best to manage their disease and its symptoms, and minimize adverse events in the real world before taking into account factors such as patient age, past treatment experience, and patient preferences.
Ideally, treatment decisions should balance risks and benefits while reflecting patients' personal preference and value (CMS 2014) . Most patients and their families desire detailed information about cancer treatment options, but are often overwhelmed by the information provided (Leighl et al. 2004; Harris 1998; Audrey et al. 2008 ). This requires improved (optimized) patient-physician communication regarding the likely treatment benefits and risks, usually for those with advanced cancer about therapies that often have small survival benefits (Audrey et al. 2008; Gattellari et al. 2001; Street and Voigt 1997) . We need to develop new tools that accurately convey the risks efficiently. A substantial proportion of advanced cancer patients either do not receive a comprehensive and individualized explanation of these risk-benefit tradeoffs, or do not fully understand them (Arora et al. 2008) . These decisions are further complicated by limited or absent communication about palliative care and end-of-life issues (Epner and Baile 2014; Laryionava et al. 2015; Walling et al. 2008) . In order to develop a better tool, we evaluated patients' willingness to undergo medical treatment given the risks of experiencing various treatment-related adverse events that may arise as a consequence of chemotherapy or biological therapy for their metastatic CRC. This is the first step in our research agenda to improve the understanding patients have of the risks and benefit tradeoffs of the metastatic CRC treatment.
Materials and methods

Eligible patients
Patients diagnosed with advanced CRC [tumor-nodemetastasis (TNM) system stage III or IV] (Edge SB et al. 2010 ) who were receiving or had completed at least one chemotherapy regimen were eligible for this study. Patients were recruited at the Ruesch Center for the Cure of GI Cancers from Georgetown University Lombardi Comprehensive Cancer Center (LCCC). Potential participants were identified by LCCC's Non-Therapeutic Subject Registry (NTSR), which provides centralized patient recruitment services for non-therapeutic clinical treatment studies. NTSR implements a universal protocol and patient consent that includes collection of sociodemographic information. Interested patients who completed the NTSR protocol, and who met the study's eligibility criteria, were then contacted, consented, and enrolled by study research staff. Enrolled participants completed a study-specific electronic survey. This study was approved by the MedStar Health Research Institute-Georgetown University Oncology Institutional Review Board #2013-0026.
Survey overview
Survey development began with formative work involving qualitative interviews with patients and medical oncologists, team input, and finally cognitive testing with additional patients. Cognitive testing was used to refine the hypothetical health scenarios within the survey. The final, web-based survey was conducted by trained research staff either in person using a tablet device when patients were visiting the clinic, or via phone for patients with computer and internet access to the survey. The survey was designed to measure patient preferences for 15 treatment-related adverse events that may arise as a consequence of chemotherapy or biological therapy for metastatic CRC.
Survey design
The survey consisted of two parts, with the second part determined by responses on the first. In the first part, patients were asked to rate the importance (on a 4-level Likert scale: not important, somewhat important, very important, or extremely important) of 15 treatmentrelated adverse events in their medical treatment decision-making, and to indicate whether or not they have ever experienced each. The list of 15 specific medical treatment-related adverse events included cardiovascular-related events (stroke, heart attack), GI perforation, and other adverse events related to common GI chemotherapy and biological therapy including depression, fatigue, hypertension, neuropathy, blood clot in lung or legs, bleeding (coughing up blood, stomach or nose bleeds), nausea/vomiting, diarrhea, pain, fatigue, hair loss, rash and skin change, and sexual function issues. These adverse events were described by trained interviewers (in person or by phone) who employed key words and short phrases to convey information concerning specific areas of morbidity (Ness et al. 1999; Ness et al. 1998 ).
In the second part of the survey, the web-based program selected only those treatment-related adverse events that were rated "somewhat important" to "extremely important" by the respondent, who was then asked to identify the top five most important events from this sub-list in their medical treatment decision-making. Then, using a series of hypothetical vignettes for these top five adverse events, patients responded to individual standard gamble items. The standard gamble technique we employed was based on formative data and participant feedback during the cognitive interviews, following prior studies (Torrance 1987; Ross et al. 2003) . In this technique, patients were asked to compare a described adverse event to a gamble in which there is a probability "p" of living in full health or probability "1 − p" of immediate death. The value of "p" at which a patient is indifferent between the two options (gamble vs. living in the described outcome state) becomes the preference assigned to that treatment-related adverse event. Preference scores elicited from standard gamble range between 0 (representing death) and 1 (representing full health).
In the survey, participants reported socioeconomic and demographic characteristics including age, sex, race/ethnicity, marital status, level of education, employment status, health insurance, and household income level. Clinical variables extracted from patient medical records included date of cancer diagnosis, cancer stage, prior treatment (surgery, radiation), and currently receiving chemotherapy (yes/no).
Statistical analysis
For each of the treatment-related adverse events, we compared preference scores between patients diagnosed with CRC stages III and IV to identify differences. Ordinary least square (OLS) regressions were used to evaluate the effects of demographic and clinical variables on patient preference scores for all medical treatment-related adverse events, controlling for other characteristics in the regression model. We conducted subgroup analyses stratifying by age group (30-64 and 65-84 years) and stage (III, IV) to identify the variability in preferences across these strata. Result differences with p value <0.05 were considered statistically significant.
Results
A total of 107 participants completed the survey. Patient demographic characteristics are shown in Table 1 . The mean (±SD) age was 57 (±12.5), and half of the sample was female. Three-quarters had college degrees or higher, and more than half had an annual household income of $100,000 or higher. Only two patients reported no health insurance. Approximately half of the sample was currently receiving chemotherapy. Patients identified more clinically serious adverse events as important factors in their medical treatment decision-making (Fig. 1) . Specifically, between 78-80 % of participants rated stroke, heart attack, GI perforation, and blood clot in lungs or legs as "very important" or "extremely important" in deciding a medical treatment regimen for metastatic CRC. Other treatment-related adverse events were rated either "very important" or "extremely important" by at least a quarter of patients, ranging from 62 % [bleeding (coughing up blood, stomach or nose bleeds)] to 26 % (hair loss).
The top five treatment-related adverse events chosen by patients followed closely to the most frequently endorsed "important" adverse events (Table 2) . Rankings were relatively similar among patients diagnosed with stage III and IV. Fewer patients reported ever experiencing clinically serious adverse events (e.g., stroke, heart attack, GI perforation) than other adverse events that are not as clinically serious (e.g., nausea, diarrhea, fatigue). The most often experienced treatment-related adverse events were neuropathy (79 %), fatigue (79 %), and diarrhea (72 %). Table 3 lists average patient preference scores on treatment-related adverse events for all patients and by stage at diagnosis. Lower preference scores represent less willingness to tolerate such an adverse event and thus lower Table 4 . We found that older age (−0.03 per 10 years, p < 0.01) and prior radiotherapy (−0.10, p < 0.0001) were associated with patients' being less willing to tolerate adverse events due to medical treatment after adjusting for other demographic and clinical variables. Greater willingness to tolerate treatmentrelated adverse events was associated with higher education (0.08 for college degree or higher compared to lower than college degree, p < 0.01), higher household income (0.05 for $100 K or more compared to <$100 K, p < 0.05), and stage IV disease (relative to stage III disease 0.06, p < 0.05).
Subgroup analysis (data not shown) identified similar effects on lower education, prior radiotherapy, and stage III disease among patients <65 years old (significantly associated with less willingness to tolerate treatment-related adverse events), while only prior radiotherapy remained significant among patients ≥65 years old. Among patients with stage III disease, older age and prior radiotherapy remained significantly associated with less willingness to tolerate treatment-related adverse events, whereas lower education, lower income, and prior radiotherapy remained significant among those with stage IV disease.
Discussion
Our study found that patients with advanced CRC prioritize clinically severe, less likely medical treatment-related adverse events, but report being less willing to tolerate more common, symptom-related adverse events when making medical treatment decisions on their metastatic CRC. Patients may have more satisfaction and less regret if they had a better understanding of the potential treatment-related adverse events and survival benefits of their treatment (Stryker et al. 2006; Sanda et al. 2008) . As the personalized oncology care movement has gained in momentum in the twenty-first century through advances in genomic sciences, our study suggests that tailored treatment decision-making recognizing individual patient's preferences and values could provide significant additional value to patient care (Ganz 2015) . Our study is among the first to evaluate patients' preferences and attitudes regarding multiple potential medical treatment-related adverse events in treating metastatic CRC (Craig et al. 2014) .
Different patient characteristics appeared to variably influence patients' willingness to tolerate adverse events from chemotherapy or biological therapy to treat metastatic CRC. Overall, we found that individuals who had prior radiotherapy were less willing to tolerate risks of any medical treatment-related adverse events. Radiotherapy and medical therapy for CRC share common treatment-related adverse events such as nausea and vomiting, diarrhea, stomach bleeding, and sexual problems. This finding indicates that past patient experiences play an important role in current patient treatment preference. Notably, we found that different patient characteristics are predictive of their willingness to tolerate risks of medical treatment-related adverse events by age and stage. This finding reflects the clinical and demographic variation of patient preferences. This finding is supported by research examining patient-physician communication among those diagnosed with advanced cancer. Recent findings show that when treatment goals are discussed during patient visits, patients are more likely to receive less aggressive treatment and earlier referrals to hospice (Wright et al. 2008; Laryionava et al. 2015) . Although recent research has described decision support tools for chemotherapy decisions among patients with advanced CRC (Leighl et al. 2011 ), the present results highlight the importance of additional dialogue about possible treatment-related adverse events and patients' willingness to tolerate certain events relative to other events, or not to tolerate any adverse events at all (Goelz et al. 2011; Back 2010) .
Finally, we identified not only that patients were averse to multiple acute and serious adverse events such as stroke and heart attack, but also that they were less willing to tolerate less clinically serious, but more common symptomrelated adverse events (e.g., depression, pain, and fatigue). These findings reflect the high value that patients place on symptom severity or functional impact that are less likely to be managed in routine clinical visits (Ganz 2015) . These results also suggest that better personalizing oncology treatments to the individual may benefit from more carefully monitoring these domains before and after a treatment decision and during follow-up care to improve the quality of cancer care (Institute of Medicine 2013).
A strength of the present study is our use of standard gamble to elicit patient preferences for the first time in patients with advanced CRC for their treatment-related adverse events. While several methods are available that directly elicit preference, standard gamble is associated with the highest test-retest reliability within the cancer population (Ross et al. 2003; Kattan et al. 1997) , and has theoretical advantages (Kattan et al. 1997; Kattan 2003) . Because standard gamble involves uncertainty, it is the only preference measure that captures patients' risk attitudes: risk-averse, risk-neutral, or risk-seeking (Torrance 1987; Fischer et al. 1986 ). Additionally, using a patient-specific measure is preferable for our study to using group-level measures such as EQ-5D or Health Utility Index, which reflects societal preferences rather than individual preferences and values (Cowen et al. 1998) . A criticism of standard gamble is that it may be difficult for subjects to complete, especially for patients with low literacy. However, low literacy is not an independent predictor of preference values that are elicited via standard gamble in cancer patients (Hahn et al. 2007 ). Importantly, our cognitive testing of the survey prior to implementation demonstrated patients' ability to complete standard gamble items.
Another strength of the study was our use of an adaptive survey design. Although study participants initially responded to 15 medical treatment-related adverse events, our tailored computer assessment allows the patient to prioritize these adverse events. The subsets of adverse events were chosen by individual patients and were therefore tailored to each participant who then completed standard gamble vignettes on those tailored events. The benefit of this design is decreased patient burden. Our survey design allowed us to focus on outcomes important for personalized medical treatment decision-making. Our study is subject to several limitations. First, due to the limited number of eligible patients with concurrent metastatic CRC, we included patients with either stage III or IV CRC. We also evaluated potential differences between stages. Second, since patients do not experience all the adverse events of interest, we employed hypothetical treatment vignettes. To address this, we adjusted for experience of the adverse events in the analysis. Third, the statistically significant differences we identified are larger than 0.03, which has been used as a threshold for minimum important difference (MID) (Sullivan et al. 2005) . While there is no consensus on what constitutes a MID for a preference score, other research has suggested higher MIDs up to 0.07 (Sullivan et al. 2005; Fu and Kattan 2006) . Fourth, the survey was conducted at a single clinic within the Washington DC metropolitan area, which may limit generalizability of our findings. Likewise, generalizability is limited by the homogeneity of our patient sample, as most of the participants were insured with relatively high education and income compared with national averages. Fifth, due to limited sample size we were unable to assess each adverse event individually. Finally, our analysis may be subject to confounding from unmeasured factors, such as unmeasured comorbid conditions and health behaviors.
Ultimately, the goal of this study is to establish patient preferences regarding a wide range of possible treatmentrelated outcomes as a foundation to improve cancer therapeutic decisions. Ideally, these considerations would include not only the status of an individual's cancer and risk of progression, but also the likelihood of treatmentrelated adverse events and treatment-related declines in functional status or quality-of-life. Increased patient awareness of these risks and benefits could help avoid unnecessary toxicities and treatment.
Fundamentally, this work provides a resource allowing patients to seek a treatment choice best suited to them, ranging from one that will maximize their quality-of-life to options that focus on prolonging survival. For patients with late stage cancer, this may lead to specific decision points such as choosing when to stop taking additional medical agents, enter hospice, or alternatively maintain a focus on aggressive treatment options. A great deal of future research is necessary to determine the optimal use and validation of this methodology in metastatic CRC and with respect to subsequent patient health outcomes and expectations. Next steps of research include evaluating methods to collect and disseminate individual patient preferences in a format that is usable for busy medical oncologists for CRC. This includes developing a decision-analytic tool that integrates the type of preferences individual patient has and make tailored treatment decisions. This patient-centered care will reflect better quality in cancer care.
